A point of view is presented, according to which, the well known static, spherically symmetric Schwarzschild black hole of Einstein's general relativity for vacuum, can be interpreted as a virtual, devoid of invariant physical meaning, geometrical object due to a particular representation of the theory.
Introduction
In their pioneering work [1] , Brans and Dicke argued that, if the dimensionless ratio mG 1 2 (h = c = 1)should depend upon the matter distribution in the universe, either the mass m or the gravitational constant G, or both, must vary. Although these are alternative descriptions of the same physical situation, the formal structure of the theory, in particular the definition of the metric tensor, would be different for the two cases; the two metric tensors being connected by a conformal transformation of units [2] :
Thus, since the original paper [1] by Brans and Dicke, two alternative representations of the Brans-Dicke(BD) theory were known. In the first representation [1] , free-motion paths of material points coincide with the geodesics of the Riemann geometry as in general relativity(GR), while the gravitational constant varies from point to point in spacetime.
In the second representation of the BD formalism [2] , the gravitational constant is constant by definition, while the rest masses of material particles vary with spacetime position, so their free-motion world lines are not geodesic paths anymore.
It is curious that, so far, no attempt has been made in the direction of formulating Einstein's general relativity in a different way, by using conformal transformation of units (1.1), as Brans and Dicke did.
In the present paper we shall develop the Jordan frame formulation of Einstein's GR for material vacuum, and we shall show that a situation similar to that of the 2D classical cosmological model of C.G.Callan, S.B.Giddings, J.A.Harvey and A.Strominger(CGHS) [3] , is obtained, this time for a static, spherically symmetric 4D spacetime manifold: there are two candidates,ĝ ab and g ab , for the metric. On one hand, in the spacetime (M,ĝ ab ) of Riemann geometry(M is a 4D smooth manifold), due to the usual Einstein frame formulation of GR, there exists a black hole(it is just the well known Schwarzschild black hole of Einstein's theory for vacuum). On the other hand, Jordan frame representation of GR leads to a class of black hole free spacetimes (M, g ab , φ). This way we obtain two different geometrical pictures for the description of the same physical situation. Then, by using symmetry arguments as in [4] , we conclude that Schwarzschild black hole can be regarded as a virtual, devoid of invariant physical meaning, geometrical object. A different interpretation of the obtained situation, based on pioneering ideas by Brans and Dicke, will be also presented.
Jordan frame representation of general relativity
General relativity for material vacuum is based upon the action:
leading to the field equationsR
whereR ab is the Ricci tensor andR is the curvature scalar in the metricĝ. This variant of Einstein's theory rests under Riemann geometry, based upon the postulate of length preservation:
where ξ and ζ are any two vectors, andĝ(ξ, ζ) is their scalar product in the metricĝ. Postulate (2.3) is based upon the vector transplantation law:
where ξ a are the components of the vector ξ in a given coordinate basis, andΓ a bc are the affine connections. In this representation of GR the free-motion paths of material particles coincide with the geodesics of the geometry. In particular, for an uncharged, spinless mass point we have:
Under the conformal transformation of units (1.1), the action (2.1) and, correspondingly, the field equations (2.2) transform into:
and
respectively, where
By varying φ and φ ,a in eq.(2.6), or by taking the trace of eq.(2.7), we obtain an additional equation for the field φ:
In this representation, Einstein's GR externally coincides with BD theory with ω = − 3 2 if, in eq.(2.7) we set φ ;n ;n = 0, so, from (2.8), the curvature scalar can be written as:
However, under transformation (1.1), the Riemann geometry under which the original(Einsteinian) representation of the theory rests(eqs.(2.2) and (2.5)), transforms into a more general 'Weyl-like' geometry, based upon the postulate:
that is the Weyl law of legth(scalar product) transplantation in the metric g. This results in that, in the new geometry, measuring rods will change length under bodily displacement, so the resemblance between the Jordan frame representation of Einstein's GR and BD theory is only external.
In particular, under transformation (1.1), geodesic equations (2.5) for an uncharged, spinless mass point, transform into:
where we have taken into account that dŝ → φ 1 2 ds, so:
and, at the same timeΓ
For null particles we will have, instead:
where q is an affine parameter along the null particle's path. , is only external.
Conformal invariance of Jordan frame GR
Unlike the common belief, the purely gravitational sector of BD theory is conformally invariant only in appearance [5] . Actually, although, under the conformal transformation [6] :
and the field redefinition
; the BD action
is invariant in form:
where:ω
the Riemann geometry under which the Jordan frame representation of BD rests [1] , transforms into a more general 'Weyl-like' geometry. Fortunately, this is not true for GR theory, for, as it has been shown in the presedent section, in this case Jordan frame GR already rests under a 'Weyl-like' geometry.
In particular, under the transformation (3.1) and the field redefinition (3.2) with α = 1(in this caseω = ω):
action (2.6) transforms into:
and, at the same time eq.(2.11) transforms into:
In general, the postulate (2.10) is transformed into:
so the 'Weyl-like' geometry under which the Jordan frame GR rests, is unchanged under the rescalings (3.6) and (3.7), unlike the situation we encountered in the Jordan frame representation of BD theory. It is obvious that the original formulation of Einstein's theory (eq.(2.1)) does not posses this symmetry.
Spurious Schwarzschild black hole
The static, spherically symmetric solution to equations (2.2) is just the typical GR Schwarzschild black hole solution for vacuum that, in Schwarzschild coordinates, looks like(dΩ 2 = dθ 2 + sin 2 θdϕ 2 ):
On the other hand, finding static, spherically symmetric solutions to eqs.(2.7) and (2.8) is, by far, a more difficult task than in the former case. However, in order to obtain particular solutions, one can introduce some simplification. For example, in the present paper, we are interested in solutions to eqs.(2.7) and (2.8), compatible with the requirement that:
so, from (2.8) it follows that the curvature scalar is given by equation (2.9).
Static, spherically symmetric solutions to eq.(4.3) are of the form:
where q is an arbitrary real parameter. In this case the curvature scalar (2.9) takes the form:
Taking into account the relationship dŝ 2 = φds 2 , one can obtain the corresponding Jordan frame line element in Schwarzschild coordinates:
where we have defined the proper radial coordinate ρ = rf ab , φ (q) ), so we obtained a class of spacetimes {(M, g
ab , φ (q) )/q real} that belong to a bigger class of known solutions [7] . These known solutions, however, are given for an arbitrary value of the coupling constant ω in BD theory, whereas the present case corresponds to the specific value ω = − 3 2 . We shall outline the more relevant features of the solution given by (4.6). For the range −∞ < q < 1 the Ricci curvature scalar (4.5) shows a curvature singularity at r = 2m. For −∞ < q < 0 this represents a timelike singularity at the origin of the proper radial coordinate ρ = 0, and the corresponding spacetimes are not compatible with the cosmic censorship conjecture [8] . Situation with q = 0 is trivial: in this case conformal transformation (1.1) coincides with the identity transformation that leaves the theory in the same frame. For the range 0 < q < +∞ the limiting surface r = 2m has the topology of an spatial infinity so, in this case, we obtain a class of spacetimes with two topologically different spatial infinities: one at r = ∞, where the spacetime metric has a Minkowski asymptote, and the other at r = 2m, where the asymptote is not Minkowskian. For 0 < q < 1 the spatial infinity at r = ∞ is Ricci flat, meanwhile, the one at r = 2m is singular. When q ≥ 1 both spatial infinities are Ricci flat.
Additional information can be obtained when we study the free-motion world lines (the set of solutions to eqs.(2.11) and (2.14)); for 0 < q < 2 these world lines are extendable beyond r = 2m, but this seems very strange for no physically available world line can be extended beyond spatial infinity, so we drop these, physically meaningless spacetimes. Finally, for q ≥ 2 both time-like and null free-motion world lines are complete in the manifold where the Schwarzschild radial coordinate ranges as 2m ≤ r ≤ +∞. This result, together with the fact that, for q ≥ 2, the curvature scalar (4.5) is everywhere well behaved in the given range of r, leads to the conclusion that, the class of physically meaningfull spacetimes given by (4.6), consists of nonsingular and black hole free spacetimes (M, g
ab , φ (q) ) with q ≥ 2.
Summing up: the static, spherically symmetric solution to the Jordan frame representation of general relativity is given by the class {(M, g There are possible, at least, two different points of view about the result at which we have just arrived in the present paper. The first viewpoint asserts that both pictures with and without black hole are different, but equivalent geometrical representations of the same physical situation. Both geometrical representations enter the scene in an equal footing. This interpretation is more in the spirit of the pioneering ideas of Brans and Dicke [1] .
The second point of view rests on symmetry arguments similar to those used in [4] : we recognize (4.6) as the true static, spherically symmetric solution instead of the usual Schwarzschild black hole solution (4.1), because the Jordan frame representation of general relativity is invariant in form respect to the Weyl rescalings (3.6) and (3.7), while its equivalent Einstein frame representation does not posses this symmetry(as was shown in section 3), so we can regard the Schwarzschild black hole as a spurious, devoid of invariant physical meaning, geometrical object.
Conclusion
We showed, by using symmetry arguments, that the Schwarzschild black hole of Einstein frame general relativity(being a particular representation of this theory), can be regarded as a virtual(devoid of invariant physical meaning) geometrical object. According to this point of view, the only physically meaningful, static spacetimes compatible with spherical symmetry are those that belong to a class of solutions {(M, g (q)
ab , φ (q) )/ q ≥ 2} given by the line element (4.6). If we stay under this viewpoint, we can avoid some, very deep and long standing problems connected with the usual Schwarzschild solution, in particular the loss of information problem when quantum effects are approached, among other related conceptual problems.
